IMPORTANCE Adenotonsillectomy (ATE) is the primary surgical method for treating obstructive sleep apnea (OSA) in children. However, children with severe OSA have an increased risk for residual OSA after ATE. Previous studies indicate that adenopharyngoplasty (APP), a modified ATE with closure of the tonsillar pillars, might improve the surgical outcome, but the overall evidence is weak.
O bstructive sleep apnea (OSA) is a common disorder among children, with prevalence ranging from 1% to 5%, and is associated with numerous morbidities. 1 If left untreated, OSA can cause cardiovascular complications, impaired growth, and neurobehavioral disturbances, such as hyperactivity and learning difficulties. 1,2 Adenotonsillar hypertrophy is a primary risk factor for OSA, and adenotonsillectomy (ATE) is the first choice of treatment. 1, 3 Although ATE has a positive effect on respiratory sleep variables, quality of life, and behavior, 3 residual OSA is reported to occur in 13% to 75% of the children after surgery. [4] [5] [6] [7] [8] Risk factors for persistent OSA are severe OSA, obesity, and genetic, neurologic, and craniofacial disorders. 4, 5, [9] [10] [11] To improve the surgical outcome, alternative methods have been developed to reduce the obstruction of the upper airway. The soft palate and pharyngeal walls are anatomic factors involved in the obstruction of the upper airway, 12, 13 and closure of the tonsillar pillars after ATE is believed to enlarge the upper airway. Guilleminault et al 14 reported that a modified ATE with closure of the tonsillar pillars resulted in a 100% success rate. In that study and others, the alternative procedure is referred to as adenotonsillectomy with pharyngoplasty 14, 15 or adenotonsillectomy with tonsillar pillar suturing 16 ; in the present study, it is called adenopharyngoplasty (APP). A randomized clinical trial conducted by Friedman et al 15 compared APP (n = 19) with ATE (n = 25). The results of that study were in favor of APP. However, the results from that study showed no significant differences between the groups and the authors reported that the study was underpowered owing to a high dropout rate (27%). Furthermore, a nonrandomized, prospective controlled study by Chiu et al 16 showed that APP (n = 12) was significantly more effective than ATE (n = 12), with a reduction in the apnea-hypopnea index (AHI) of 80% for APP compared with 43% for ATE. These studies indicate that APP might be a more effective surgical method than ATE, but the strength of the evidence is weak. The present study aimed to determine whether otherwise healthy children with severe OSA improved more with APP than ATE by analyzing polysomnography (PSG) data and Obstructive Sleep Apnea-18 (OSA-18), a quality-of-life questionnaire, scores.
Methods

Trial Design and Participants
A single-center, blinded, prospective randomized clinical trial with 2 parallel arms comparing ATE with APP was conducted at the Department of Otorhinolaryngology, Karolinska University Hospital in Stockholm, Sweden, with study recruitment from December 1, 2014, through November 31, 2016. Final inclusion was at the day of the operation. All referred children with symptoms of OSA and no characteristics excluding them from study participation were offered a PSG examination. Children who completed the PSG, accepted participation in the study, met the inclusion and exclusion criteria described below, and had written informed consent from their caregivers were candidates for further participation. There was no financial compensation. The protocol is available in the Supplement. This study was approved by the Swedish Regional Ethics Board in Stockholm. The flow of participants is illustrated in Figure 1 .
Inclusion and Exclusion Criteria
The following inclusion criteria were used: age, 2 years or older and younger than 5 years; history or symptoms of OSA; severe OSA, defined as an obstructive apnea-hypopnea index (OAHI) score of 10 or higher (no definite maximum level for the OAHI; a higher score indicates worse problems and a score of 10 or higher is defined as severe OSA), tonsil hypertrophy of 2 to 4 according to Brodsky 17 (scored according to occlusion of the oropharynx: 1, 0%-25%; 2, 26%-50%; 3, 51%-75%, and 4, 76%-100%); and parents with sufficient knowledge of Swedish to understand the written 
Key Points
Question Is a modified adenotonsillectomy, termed as adenopharyngoplasty, with closure of the tonsillar pillars more effective than adenotonsillectomy for treating severe obstructive sleep apnea in otherwise healthy children?
Findings In this randomized clinical trial including 83 children with obstructive sleep apnea who were randomized to receive adenopharyngoplasty or adenotonsillectomy, the mean obstructive apnea-hypopnea index was improved in both groups, and there was no significant difference between the groups. There also were no significant differences between the groups regarding other polysomnography variables or quality of life.
Meaning Adenopharyngoplasty was not more effective than adenotonsillectomy for treating severe obstructive sleep apnea in otherwise healthy children. 
OSA-18 Questionnaire
The OSA-18 questionnaire is validated to assess the quality of life related to sleep-disordered breathing among children. It consists of 18 questions within the 5 domains of sleep disturbance, physical symptoms, emotional distress, daytime function, and caregivers' concerns. Each question is scored on a 7-point Likert scale and the responses are summed to a total symptom score ranging from 18 to 126 points, with higher scores indicating a worse quality of life. The OSA-18 also contains a global rating of health-related quality of life on a visual analog scale of 1 to 10 points, with 10 indicating the highest level.
Intervention
The children were randomly assigned to either ATE or APP, and surgery was performed within approximately 3 months after the baseline PSG. Tonsil (according to Brodsky) and adenoid (according to percentage of occlusion of the nasopharynx: 1, 0% to 25%; 2, 26% to 50%; 3, 51% to 75%; and 4, 76% to 100%) size were assessed by the surgeon with the child under general anesthesia at the time of the operation. Tonsillectomy and adenoidectomy were performed in all patients in both groups by the cold steel technique. The tonsils were removed by blunt extracapsular dissection, and the adenoid was removed with a ring knife. In addition, the APP group underwent closure of the tonsillar pillars after the tonsillectomy with 2 inverted sutures (Monocryl 4/0; Ethicon) on each side, including fibers of the palatopharyngeus muscle ( Figure 2 ). A total of 19 surgeons, either specialists or senior residents, were involved.
Hypothesis and Outcomes
The hypothesis of the study is that APP is superior for treating children with severe OSA compared with ATE as measured by the change in OAHI scores 6 months after surgery. The primary outcome was the difference in OAHI score change at the 6-month follow-up between children who underwent ATE and APP. Secondary outcomes analyzed were differences between the groups regarding changes in other PSG variables, including central apnea-hypopnea index, rapid eye movement apneahypopnea index, oxygen desaturation index (using the ≥3% desaturation criteria), and respiratory distress index, which are measured as number of events per hour; mean oxygen saturation, lowest oxygen saturation level, and sleep efficiency, measured as ranges from 0% to 100%; and total sleep time, measured as minutes.
Different levels of postoperative OAHI score (<1, <2, <5, and <10) were analyzed to evaluate the success of surgery. Subgroup analyses were performed regarding children with obesity (body mass index z score ≥1.67 [calculated as weight in kilograms divided by height in meters squared]) and different levels of preoperative OAHI scores (≥20 and ≥30). Regarding the OSA-18 questionnaire, the differences between the groups in changes in total symptom score, sleep disturbance index, and health-related quality of life were analyzed. The need for further surgery because of residual OSA and postoperative complications, such as infection and readmission due to bleeding, was also evaluated. 
Randomization and Blinding
The randomization was performed with 120 sealed envelopes stratified into 2 levels: OAHI scores lower than 30 (80 envelopes) and OAHI scores 30 or higher (40 envelopes). The stratification was performed to avoid a skewed distribution of the few children with extreme values (OAHI≥30). The allocation ratio was 1:1 between APP and ATE. Five envelopes from each group were mixed to create a block of 10. The envelopes were placed in the operating room and opened by the surgeon at the day of operation. The surgeon did not meet the child or the caregiver after the operation. The caregivers, patients, researchers, and PSG scorer were blinded to surgical method.
Statistical Analysis
The primary analysis was per protocol, but an intention-totreat (ITT) analysis was also performed regarding the primary outcome of changes in OAHI score. Missing values were imputed by the standard method in which the last observation was carried forward. The PSG variables were continuous data, and parametric statistical tests, including paired and unpaired t tests, were used to analyze differences within and between the groups. The results are given as the mean (SD) or as the mean (95% CI). The test of proportion was used when comparing different levels of success.
The OSA-18 questionnaire consisted of ordinal data and was analyzed with nonparametric tests, including the Wilcoxon signed rank test within groups and the Mann-Whitney test between groups. The results are given as the median (interquartile range) or as the median (95% CI). Findings were considered significant at P < .05. All data were analyzed with Stata, version 15 (StataCorp).
Results
A total of 83 children were randomized to either ATE (n = 47) or APP (n = 36) and the groups were similar at baseline 
Primary Outcome
Both groups had a significant reduction in mean OAHI score at the follow-up. The ATE group had a mean decrease of 21.1 (95% CI, 17.7-24.5), the APP group had a mean decrease of 21.7 (95% CI, 17.2-26.3) (decreases of 88% and 91%, respectively), and there was no significant difference between the groups in mean change (0.7; 95% CI, −4.8 to 6.1) ( Table 2 ). All children had a reduction in OAHI, but 1 child in the ATE group still had severe OSA (OAHI score, 27) at the follow-up compared with none in the APP group (Figure 3) .
The ITT analysis (n = 83) did not alter the results. The difference between the groups in change in mean OAHI score remained nonsignificant (−1.6, 95% CI, −7.3 to 4.0).
Secondary Outcomes
There were significant improvements within both groups in oxygen desaturation index, rapid eye movement AHI, respiratory distress index, and oxygen saturation nadir, but no significant differences between the groups (Table 2) . No significant changes were observed in central AHI level, total sleep time, or sleep efficiency ( Table 2 ).
The success rates at different levels of postoperative OAHI scores (<1, <2, <5, and <10) were 20%, 48%, 84%, and 98%, respectively, in the ATE group compared with 17%, 50%, 90%, and 100%, respectively, in the APP group. There were no significant differences between the groups: 4% (95% CI, −14% to 22%), −2% (95% CI, −25% to 21%), −6% (95% CI, −21% to 9%), and −2% (95% CI, −7% to 2%), respectively. Also, subgroup analyses for children with different preoperative OAHI scores and body mass index z scores showed no significant differences between the groups.
In the OSA-18 questionnaire, significant improvements within both groups were observed in total symptom score, sleep disturbance index, and health-related quality of life (Table 2 ), but there were no significant differences between the groups. One patient in each group was readmitted owing to postoperative bleeding, but no other complications were seen.
Discussion
Severe OSA is a risk factor for persistent OSA after surgery. This is, to our knowledge, the first randomized clinical trial comparing PSG data between APP and ATE in otherwise healthy children with severe OSA. The results showed that APP was not superior to ATE in this study population regarding change in mean OAHI score, other respiratory PSG variables, and OSA-18 scores. Only 1 of the 47 patients had persistent severe OSA after ATE. This finding suggests that ATE should continue to be the primary treatment for children with severe OSA. Mean OAHI scores showed a significant reduction in both the APP (91%) and ATE (88%) groups (Table 2 ), but without a significant difference between the groups. The high treatment effect of 88% in the ATE group could explain the nonsignificant difference because the effect was estimated to be 75% in the power analysis. However, compared with similar studies, the reduction in the ATE group was at a similar level as in a study by Mitchell. 4 In that study, 79 children with a mean (SD) preoperative OAHI score of 27.5 (22.5) had a reduction of 87% after ATE. Ye et al 8 saw a similar preoperative mean OAHI score of 24.6 (17.3) (n = 84, 89% had an OAHI score ≥10) and had a reduction of 85% after ATE, which further supports the accuracy of the results in the ATE group in the present study. This study was based on 3 earlier investigations [14] [15] [16] indicating that APP was more effective than ATE in treating OSA in children, but those studies had some limitations. First, a retrospective study by Guilleminault et al 14 reported normal results of PSG examination and no residual symptoms in patients who received APP, but the reported number of participants varied between 4 and 155, which made the results hard to interpret. A prospective study by Chiu et al 16 reported a reduction in mean AHI level of 80% after APP compared with 43% after ATE, with a significant difference between the groups. However, the significance of this result could also be questioned because the patients were not randomized, the study sample was small (n = 24), and the preoperative mean AHI values between the groups were not similar (8.3 in the ATE group vs 14.6 in the APP group). Thus, a greater reduction in mean AHI would be expected in the APP group and could explain the significant result between the groups. Finally, the randomized clinical trial by Friedman et al 15 that compared APP (n = 19) with ATE (n = 25) showed a postoperative reduction in mean AHI level of 40% in the ATE group compared with 52% in the APP group, but without a significant difference between the groups. Those authors discussed how the lack of significance might be explained by the study being underpowered owing to a high dropout rate (27%). Factors that differed from the present study were that 50% of the patients evaluated by Friedman et al were obese, most did not have Abbreviations: AHI, apnea-hypopnea index; HRQL, health-related quality of life; IQR, interquartile range; mean Sat O 2 , mean oxygen saturation; nadir O 2 , oxygen saturation nadir; OAHI, obstructive apnea-hypopnea index; ODI 3% , oxygen desaturation index; OSA-18, Obstructive Sleep Apnea-18; PSG, polysomnography; RDI, respiratory distress index; REM, rapid eye movement.
a Data analyzed with parametric tests (paired and unpaired t tests).
b Higher score indicates worse problems; a score of 10 or higher is defined as severe OSA).
c Significant at P < .05.
d Determined using the 3% or greater desaturation criteria.
e Level ranges from 0 to 100%.
f OSA-18 scores were analyzed with nonparametric tests (Wilcoxon signed rank test and Mann-Whitney test). Possible total symptom score range ranges from 18 to 126; higher scores indicate worse quality of life. HRQL is rated on a visual analog scale of 1 to 10 points, with 10 indicating the highest level. The Sleep Disturbance index has 4 questions scored on a Likert scale of 1 to 7. Minimum is 4 points and maximum is 28 points; a higher score indicates a worse quality of life.
severe OSA, only 25% of the sleep studies were scored with PSG, and 75% were scored with peripheral arterial tonometry. In the present study, there were no significant differences between the groups in success rates given the different postoperative OAHI levels. Friedman et al 15 had a success rate of 90% (AHI level <5) after APP in their randomized clinical trial, which was the same as in this study, although their success rate of 72% after ATE was lower compared with the success rate of 84% in the present study. This difference raised the question of whether our results after ATE were unexpectedly high. However, a recent randomized clinical trial by Borgström et al 19 between ATE (n = 39) and adenotonsillotomy (n = 40) in a similar group of children with moderate to severe OSA had a similar success rate of 86% (OAHI score <5) after ATE, which is in keeping with the results from the present study.
In the subgroup analyses regarding obesity and different levels of preoperative OAHI scores, there were no significant differences between the groups. However, the present study was not powered to analyze these differences, and further studies of APP vs ATE in children with obesity and a higher mean OAHI score are of interest.
Previous studies have shown that the OSA-18 score does not correlate with the severity of OSA, 20 but it can be useful for reporting changes in quality of life after surgery. 21, 22 In the present study, both groups had significant improvements in OSA-18 scores but no significant differences between the groups ( Table 2 ). The results in the ATE group are consistent with findings in the randomized clinical trial of Borgström et al. 19 However, Friedman et al 15 also compared OSA-18 scores between APP and ATE and found a significant postoperative difference between the groups in total symptom score in favor of APP. However, this result should be interpreted with caution because there was a significant difference between the groups in mean total symptom score at baseline. The major strengths of this study are that it was a randomized clinical trial, there was a low dropout rate (11%), it used PSG, and children, caregivers, PSG scorer, and researchers were all blinded to treatment allocation. Also, it is unusual for OSA studies to investigate children between ages 2 and 4 years, even though OSA is most common in this age group.
Limitations
A limitation of this study was the homogeneous group of otherwise healthy children, making the generalizability limited. There were only 7 obese children, and therefore it was not possible to evaluate the effect of APP in obese patients. The randomization process is another limitation that needs to be addressed. There was a skewed distribution between the groups (ATE, n = 47; APP, n = 36). The sealed envelopes were put in a stack, in blocks of 10, and the envelopes were supposed to be taken in order from the top. However, some surgeons might have taken an envelope randomly from the stack, generating a more skewed allocation than expected. Even so, the statistical analysis was not affected, because the children were randomized, the groups were similar at baseline, and there were enough children in each group according to the power analysis.
Conclusions
This randomized clinical trial did not show that APP was more effective than ATE regarding objective PSG variables and OSA-18 scores in this cohort of otherwise healthy children with severe OSA. This finding suggests that ATE should continue to be the primary treatment for severe OSA in children. 
Clinical trial protocol
Background
Obstructive sleep apnea (OSA) is a common disorder among children, with a prevalence around 1-5% 1 , and most frequent between 2 to 5 years of age 2 . OSA is caused by total or partial obstruction of the upper airway during sleep. The obstruction disrupts normal breathing, causes lower oxygen levels in the blood and fragments sleep. If left untreated, OSA is associated with negative health consequences. Learning problems, concentration difficulties, poor growth and heart failure are all examples of complications related to OSA 1, 3 .
The obstruction is primarily caused by enlargement of lymphoid tissue, i.e. the tonsils and the adenoid. The primary treatment is surgical removal of the tonsils and the adenoid by a method called adenotonsillectomy (ATE) 1 . This is a proven method with good results and one of the most common surgical interventions in children in Sweden.
Despite the good effect of ATE, children with severe OSA have a higher risk for residual symptoms. There are recent studies indicating that a modified ATE, with closure of the tonsillar pillars, can further improve the results 4, 5 . We call this procedure adenopharyngoplasty (APP). However, the evidence for this procedure is weak and there is a need for high quality studies that evaluate this method.
Purpose & Aims
The purpose of this trial is to evaluate if children with severe OSA are better treated with a modified surgical technique, i.e. adenopharyngoplasty (APP) compared to ATE.
Hypothesis
APP is more effective to treat children with severe OSA than ATE.
Design
A single center, randomized controlled trial. Patients are recruited from the ear, nose and throat department at Karolinska University Hospital. All referred patients between 2 to 4 years of age and with symptoms of OSA, are offered to participate in the study and to perform a polysomnography (PSG), the gold standard method to diagnose OSA 1 . PSG is a multichannel test and is performed over night at our ENT sleep laboratory. From this test, an obstructive apnea-hypopnea index is generated. This index is in turn used to classify the severity of OSA. Severe OSA is considered as OAHI ≥ 10. Patients with a complete PSG and that fulfills the following criteria are possible study participants:
Inclusion criteria:
• ≥2 to <5 years of age • History or symptoms of OSA • Severe OSA, defined as an obstructive apnea-hypopnea index (OAHI) of ≥10
• Tonsil hypertrophy 2-4 according to Brodsky 6 
